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On average consecutive samples in the mid‐troposphere are separated by 2.2o of latitude, with 4.4o between consecutive near‐surface or high altitude samples.  Most profiles extended from ~300m to 8500m altitude, constrained by air traffic, but significant profiling extended above ~14 km (Fig. 1c).    Figure 1d shows the cross section of potential temperature (Θ) versus latitude and GPS altitude (MASL) during HIPPO‐1.  A dome of very cold, stable air, with a strong latitude gradient of Θ, covered the Arctic, with a sharp transition at the northern edge of the polar jet, near 60oN. There was a narrow zone of stratospheric influx just equatorward of 60 N, and then a belt of much weaker vertical stratification from 60 to 40N, the region of the “warm conveyor belt” where vertical transport occurs in association with jet stream dynamics and midlatitude storms [Bethan et al., 1998; Cooper et al., 2004]. Equatorward of 40oN there was a broad Θ bulge in the middle and upper troposphere, reflecting the influence of deep convection and the Hadley circulation. The southern hemisphere had similar structure, but the features were weaker, reflecting the summer season.  Figure 2 shows cross sections along the dateline for key species in January 2009 (HIPPO‐1). Atmospheric tracers displayed sharp transitions in the horizontal, demarcating the boundaries between polar, middle latitude, subtropical, and tropical air masses, and at the Intertropical Convergence Zone (“ITCZ”, the persistent line of convective storms that circles the globe near the equator, demarcating the boundary between the hemispheres). Gradients were much weaker in the vertical than in the horizontal, except in the northern polar region where fresh inputs of CO, CO2, CH4, and SF6 were evidenced by high values near the surface and the presence of very short‐lived pollutants (e.g. benzene). According to model simulations (discussed further below), these pollutants originated from Asia and Europe. In the Arctic, tracer isopleths broadly aligned with isentropes, with sporadic anomalies due to proximate emissions or with stratospheric influence.  Convective transport across isentropes was evident elsewhere, in midlatitudes, tropics, and subtropics, particularly for the longest‐lived tracers (e.g. SF6 and N2O). The peak value of SF6 over the North Pacific was observed in the middle troposphere.  Concentrations of N2O showed a completely different pattern compared to other greenhouse gases, with a prominent bulge in the middle and upper tropical and subtropical troposphere, plus sporadic enhancements between 10 and 14 km. Similar features were seen for N2O in all three missions flown so far.   Water vapor showed the expected increases with temperature and tropical origin. Input of very wet air was notable in the South Pacific Convergence Zone (“SPCZ”, 10‐20 S).  The SPCZ is a persistent frontal formation of widespread cloud cover and 
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Figure 1. (Panels a, b) Locations of flight tracks and vertical profiles 
(red points) for HIPPO deployments 1 and 2. (Panel c) Vertical 
profiles in the HIPPO-1 cross section of the Pacific Southbound near 
the Dateline (Flights 2-7), tropopause heights (pressure altitude, km; 
cyan) from MTP, and stratospheric flight segments in red. (Panel d) 
Cross-section of potential temperature (ϑ) in HIPPO-1, on the 
southbound leg near the dateline. The white dotted lines mark the 
flight path of the GV and grey lines show contours of potential 
temperature. Altitudes are given in meters above sea level (GPS). 
 
Figure 2. Cross-sections of CH4 (ppb), CO (ppb), CO2 (ppm), SF6 
(ppt), N2O (ppb) and H2O (log10 (ppm)) on HIPPO-1, southbound 
along the dateline, January, 2009. White dashed lines show flight 
tracks, and grey contours show potential temperature. SF6 data 
represent a composite of PANTHER and UCATS data, and H2O data 
are from VCSEL. Altitudes are given in meters above seal level 
(GPS). 
 
Figure 3. (Panels a, b) Cross-sections of CO2 (ppm) and CO (ppb), 
on HIPPO-2, southbound along the dateline, November, 2009. Grey 
contours show potential temperature. (Panel c) Photo of dense layer 
of dark aerosols, looking north at 80oN, 8 km altitude, 2 Nov. 2009. 
(Photo: E. Kort); (Panels D, E) Vertical profiles of Black Carbon 
("BC") and CO, and CO2, CH4 and N2O at 77.2 N, on HIPPO-2, 2 
Nov. 2009. 
 
Figure 4. (Panel a) Meridional gradients of CO2 averaged between 
0.3 and 1.5 km (Δ) and 3.5 – 6.5 km (o). (Panel b) Variation of the 
O2:N2 ratio, as in (a). (Panel c) CO2 as in (a), from the GEOS-CHEM 
simulation. Areas of apparent CO2 uptake and emission are denoted 
by green and red symbols respectively in Panel c. 
 
Figure 5. Model simulations for HIPPO-1, southbound along the 
dateline, January, 2009. (Panels a, b) Cross sections of CO2 (ppm) 
and SF6 (ppt) from the GEOS-CHEM and ACTM models, 
respectively. (Panel c) Vertical profiles of N2O in the subtropics 
(ACTM and observed in HIPPO-1), and (d) cross section for N2O 
from the ACTM for the HIPPO-1 flight track (Flights 2 – 7). 
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